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INTRODUCTION:  Pneumatosis  sistoides  intestinalis  (PSI)  is a rare  condition  with  unknown  origin, deﬁned
as  the  appearance  of  gas-ﬁlled  cysts  in the  intestinal  wall.  It usually  occurs  due to  respiratory  infections,
tumor  or collagen  disease,  traumas,  immunosuppression.
PRESENTATION  OF  CASE:  Three  patients  with  PSI  were  examined  that  followed  up and  treated  in  our  clinic.
The ﬁrst  patient  was  hospitalized  for emergency  treatment  of  previously  diagnosed  free-air  under  the
diaphragm.  He  had  a defense  on  physical  examination  and  free-air  was  detected  in  X-ray  and  abdomen
CT.  We  decided  to laparatomy  and peroperatively,  stenotic  pylorus  with an  abnormally  increased  stom-
ach  and  gas-ﬁlled  cysts  were  seen  in the  terminal  ileum.  Antrectomy  and  gastrojejunostomy  with
partial  ileum  and  cecum  resection  and  end  ileostomy  were  performed.  The  second  patient  underwent
laparatomy  because  of intraperitoneal  free-air  and  acute  abdomen.  Partial  ileum  and cecum  resection
and  ileotransversostomy  were  performed.  The  third  patient  with  intraperitoneal  free-air  was  treated
with antibiotics,  oxygen  treatment  and  bowel  rest.
DISCUSSION:  PSI  is  usually  asymptomatic.  Plain  radiographs,  USG,  CT,  upper  gastrointestinal  endoscopy,
colonoscopy  can use  for diagnosis.  Treatment  of PSI  depends  on  the  underlying  cause;  include  elemental
diet,  antibiotics,  steroids,  hyperbaric  oxygen  therapy  and surgery.
CONCLUSION:  In patients  with  asymptomatic  and  symptomatic  PSI  are different  treat.  Symptomatic  PSI
can  be safely  treated  antrectomy  and  gastrojejunostomy  with  partial  ileum  and  cecum resection.
© 2014  The  Authors.  Published  by Elsevier  Ltd.  on behalf  of  Surgical  Associates  Ltd.  This  is  an  open
 the Caccess  article  under
. Introduction
Pneumatosis sistoides intestinalis (PSI) a rare condition that
s characterized by gas-ﬁlled cysts in the intestinal submucosa
nd subserosa.1–3 Its etiology is unclear and several hypotheses
ave been proposed.2 PSI may  occur as primary or secondary and
ften seen terminal ileum in the gastrointestinal tract.3–5 Clinics
f PSI is broad, ranging to asymptomatic from diffuse peritoneal
igns. Respiratory infections, tumor or collagen disease, traumas,
mmunosuppression and the use of steroids are associated with
SI.6 Imaging tools, endoscopy, surgery and sometimes patho-
ogical examinations are used in the diagnosis.7,8 Although PSI
s usually benign disease, sometimes high mortality is observed.
n asymptomatic patients are used hyperbaric oxygen treatment,
ntibiotics and rest to bowel; in patients with signs of peritonitis
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are recommended to surgical treatment.3,6–9,16–21 We  want to
discuss 3 case of with PSI that followed-up and treated in our clinic.
1.1. Case report 1
A male patient aged 62 was  hospitalized for emergency treat-
ment of previously diagnosed free air under the diaphragm. At the
time of arrival the patient reported supraumbilical pain, nausea
and vomiting in the past two  weeks. The problems of abdominal
discomfort and pain connected with taking food had started 21
years earlier, with intermittent remissions and there was  a history
of stomach bleeded before 15 years. A few months before, the inten-
sity of the symptoms had increased and continued with nausea,
vomiting and weight loss (15 kg in a year) and his body mass index
(BMI) was  17 kg/m2. He often received proton pomp inhibitors and
there was  not history of gastroscopy. On physical examination the
abdomen was tenderness and defense at palpation in the epigas-
trium. In laboratory analysis hemoglobin was 10.3 g/l and white
blood cell was 11.6 × 103/L. X-ray showed free-air under the
ssociates Ltd. This is an open access article under the CC BY-NC-SA license
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Fig. 1. X-ray free air under the diaphragm.
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Fig. 3. Stenotic pylorus and dilated stomach.
Fig. 4. Gas-ﬁlled cysts in the terminal ileum.Fig. 2. Abdominal CT showed intraperitoneal free air.
iaphragm (Fig. 1). Contrast-enhanced abdominal CT was detected
ree-air in the abdomen (Fig. 2). The patient was admitted and pre-
ared for the operating theatre where the operation was started. A
upraumbilical median laparatomy was performed. After opening
he abdominal cavity and exploration, the following ﬁnding was
resent: stenotic pylorus with an abnormally increased stomach
nd gas-ﬁlled cysts were seen in the terminal ileum (Figs. 3–5). After
hat we decided to make the ﬁrst resection of that antrectomy and
ere performed retrocolic, isoperistaltic gastrojejunostomy. Par-
ial ileum and ceacum were resected, after then was  performed
nd ileostomy. The operative wound was closed after haemostatic
ontrol and drainage set. Specimens were sent to the pathology
epartment.
At ﬁrst, when the specimen sections from the ileum and prox-
mal colon; macroscopic ﬁndings were noted that cystic lesions
ere ﬁlled with air and in greatest diameter 2 cm.  Under the
icroscope, cystic lesions were swollen mucosa, with air ﬁlled in
ubmucosa and subserosa. Additionally, the cysts were not com-
unicated with each other and in different sizes which means
hat the ﬁnding at the terminal ileum was pneumatosis cystoides
ntestinalis (Figs. 4–6). Fig. 5. Gas-ﬁlled cysts at mucosa in the terminal ileum.
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big. 6. Histopathological appearances of gas-ﬁlled cyst. A) The Low-cubic cystic epi
At second, operative material of stomach with increased dimen-
ions, decreased elasticity, tall and prominent mucosal folds
ithout macroscopic erosions and ulcerations, astenotic place on
he pylorus with the lumen passable for 0.6 cm (Fig. 3). Microscopic
nding, there was seen chronic inﬂammatory inﬁltration with lym-
hocytes and intestinal metaplasia into the antrum with bleeding
rosions focus and an oedematic edge of the pylorus. In addition to,
elicobacter pylori was viewed intensively.
The postoperative follow-up was occurred duodenal stump
eakage and underwent relaparatomy. The periton was debrided,
id tube duodenostomy and placed drains. The patient discharged
rom the horspital on the 35th postoperative day. The ileostomy
as closed after 1 month later. He resumed normal activity in the
ollow- up visit 1 month after the second surgery.
.2. Case report 2
A male patient aged 70 was admitted with abdominal pain
nd vomiting in emergency room. He has received proton pump
nhibitor therapy for long years and weight loss (BMI = 17 kg/m2).
e had not undergone gastroscopy and often received conservative
reatment. On physical examination the abdomen was  tenderness
nd defense at palpation in the epigastrium and upper right quad-
ant. X-ray showed to free-air under diaphragm. In the laboratory
hite blood cell was 9 103/L and amylase was 220 U/L. Intraperi-
oneal free air and millimetric contrast agent leakage in curvature
inor of the stomach has been detected with contrast-enhanced
bdominal CT. Therefore, we were decided laparatomy. In explo-
ation were seen gas-ﬁlled cysts in the terminal ileum and pyloric
tenosis that 2 × 1 cm diameter and permitting passage. Partial
leum and cecum resected and were performed site to site ileo-
ransversostomy anastomosis. He was discharged on postoperative
ay 8 and performed upper gastrointestinal endoscopy a month
ater. We  detected pyloric stenoses that did not allow of endo-
cop passage in to the duodenum. Multiple biopsies were taken
nd intestinal metaplasias were reported by a pathologist. Electif
ntrektomy and gastroenterostomy were performed after a month.
athology reports were benign and determined diffuse intestinal
etaplasia and widespread involvement of Helicobacter pylor. He
as discharged from hospital on eighth postoperative day. The
atient resumed normal activity in the follow-up visit 20 day after
he surgery.
.3. Case report 3A male patient aged 81 was admitted with abdominal pain
rom internal medicine of clinics. The patient had been operated
efore 4 years and had congestive heart failure, chronic lung diseasem in serosa of ileum (white arrow, H&E ×100). (B) Gas-ﬁlled cysts in serosa cecum.
and prostate disease. Because of upper gastrointestinal bleeding
were given two  units of erythrocyte suspension. His BMI  was
21 kg/m2. On physical examination was  detected median incision
scar and only tenderness at palpation in the epigastrium and there
was no acute abdomen. The patients had gas or stool output and
white blood cell was 5.6 × 103/L. Free-air was  determined under
diaphragm and intraperitoneal in X-ray and abdomen CT, respec-
tively. Upper gastrointestinal endoscopy and colonoscopy were
performed and detected hiatus hernia, erythematous pangastri-
tis and grade 2 internal hemorrhoids. The wide involvement of H.
pylori was reported after antrum biopsies. The 2-4 lt/dk oxygen and
antibiotic therapy were given to patients. The patient subsequently
relieved and was  discharged from the hospital after on fourteen day.
His general condition is good and follows up with outpatient.
2. Discussion
Pneumatosis sistoides intestinalis (PSI) a rare condition that is
characterized by gas-ﬁlled cysts in the intestinal submucosa and
subserosa, is most frequently observed in the terminal ileum of gas-
trointestinal tract.1,2 PSI is more frequently seen in the ﬁrst days of
life and 60 years of age and its estimated prevalence is 0.03%.2,3
Its etiology is unclear and there are plenty of theories about the
pathogenesis of pnemautosis intestinalis, including mechanical,
bacterial, pulmonary, and caused by the increase in the mucosa
permeability. The most accepted theories are the bacterial and the
decrease in the mucosa permeability.4,11 There are three pathologic
forms; microvesicular or pseudolipomatosis, cystic and diffuse.4
Our 3 patients were over the age of 60 and gas-ﬁlled cystic lesions
were localized in the ileum. H. pylori can be considered in etiology
of PSI that identiﬁed in the biopsy of 3 patients (Figs. 4–5).
Pneumatosis cyistoides intestinalis is classiﬁed as primary dis-
ease (15%) of unknown cause and secondary (85%) associated to
gastrointestinal diseases, as intestinal obstruction5, cystic ﬁbrosis,
peptic ulcer, diverticula, inﬂammatory bowel disease,23 mesen-
teric infarction, chronic intestinal pseudo-obstruction,7 respiratory
infections, tumor24 or collagen disease, traumas, immunosuppres-
sion and the use of steroids.3,8 We  believe that PSI develops in our
three patients which secondary to gastrointestinal obstruction or
pyloric stenosis.
The history of patient, symptoms and physical examination are
important for diagnosis of PSI. Patients are usually asymptomatic.
Diarrhea, constipation, rectal bleeding, tenesmus, nonspeciﬁc
symptoms such as weight loss and abdominal pain may  occur
in symptomatic patients.3 Volvulus, intestinal obstruction, blood
pressure pneumoperitoneum, rectal bleeding, intussusception and
intestinal perforation can be seen by 3%.4,7,8 There was rectal
 –  OPEN  ACCESS
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leeding in a patient and in three of our patients had abdominal
ain and weight loss (Table 1).
The imaging methods are important in the diagnosis of
SI. These include plain radiographs, USG, barium series,
T, CT-colonoscopy, magnetic resonance imaging and MRI-
olonography, endoscopy, colonoscopy.3,10–12 X-ray can show
ntraperitoneal free-air and abdominal CT can detect pneumoperi-
oneum, portomesenteric venous air, bowel wall thickening, bowel
ilatation.12,13 Lee et al.13 reported in their work of eighty-four
atients that importance of CT in the diagnosis of PSI.
A deﬁnitive diagnosis is difﬁcult with the upper gastrointesti-
al endoscopy and colonoscopy, because of submucosal cysts can
e mixed with polyps.14 A laparoscopic exploration is quite use-
ul to conﬁrm a PCI diagnosis, if the physical examination ﬁndings
re suspicious, and particularly in cases that are not preopera-
ively diagnosed clearly using the above-mentioned radiological
ethods. Diagnostic laparoscopy provides the convenience of con-
erting to open surgery as well as conﬁrming the diagnosis.3,12,13
Treatment of PSI depends on the underlying cause, so that
nclude elemental diet, antibiotics, steroids, hyperbaric oxygen
herapy and surgery.3,7,8,11,12,15–17 In asymptomatic patients with
ree-air at X-ray and abdominal CT reporting gastrointestinal per-
oration direction, is a great handicap for the surgeon. So we  should
e careful in the diagnosis of disease.
Because of spontaneous remission can see rate of 50% in treating
he disease and may  occur gas-ﬁlled cysts again after surgery. There
s not a speciﬁc treatment in asymptomatic patients. Conservative
pproaches, including nasogastric decompression, intestinal rest,
ntibiotic therapy and oxygen, are recommended for patients with
ositive examination ﬁndings and normal biochemical parameters
ho are conﬁrmed radiologically to have no intestinal ischemia or
erforation.2–4,15 In asymptomatic patients can be given hyperbaric
xygen (HBO) or absolute atmospheres (non-HBO) therapy may  be
iven. Oxygen therapy has long been recognized as an effective
herapy for PI, leading to cyst regression on imaging and symp-
om resolution.18 Applying 250 mmHg  PO2 pressure or 70% oxygen
nhalation for 5 days or 2.5 atmospheres of hyperbaric oxygen pres-
ure for 150 min/day for 3 consecutive days can lead to resolution
f gas collection within a cyst.10,13,24
Shimada et al.19 in their series of 15 cases showed that were
uccessfully treated with hyperbaric oxygen. Togawa et al.20 gave
BO therapy to seven patients and atmospheres absolute (ATA,
on-HBO) to 20 patients in asymptomatic patients with PSI. HBO
herapy was given mean of 4.7 days, ATA treatment was given mean
f 14.6 days and have found lower recurrence rates.
In asymptomatic patients with PSI is not necessary surgery
reatment.3,7,10,13 Surgical treatment should be considered in
atients who do not respond to medical therapy. Early surgical
ntervention should be considered in any patient with signs of per-
oration, peritonitis, sespsis or predictors of poor outcomes.4,5,9,10
mergency surgery should be considered in PSI patients with the
H is less than 7.3, actual bicarbonate level is less than 20, amy-
ase is higher than 200 U/L or signs of disseminated coagulation
ntravascular. Similarly, patients who are immunosuppressed with
nderlying liver disease, sepsis, and hypotension are all at a higher
isk of mortality from PI.22
Radiologically, the presence of portal venous gas is highly
ndicative of severe disease, and when present, mortality rates
ange from 37% to 75% (7, 22).
In patients with symptomatic PSI, laparotomy and laparoscopic
xploration should be considered. Arıkanog˘lu et al.3 in a series
f seven cases showed that safely performed ileal resection and
nastomosis in 3 patients, underwent laparotomy in 2 patients,
holedocotomy, drainage and cholecystectomy in a patient, and
aparoscopic exploration in a patient. We  performed to 2 patients
leal and cecal resection and anastomosis with antrectomy and Ta
b
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astroentorostomy. There are not recurrences any patients. One of
ur patients was treated with non-surgical (Table 1).
. Conclusion
Pneumatosis intestinalis is a rare condition that may  be occur a
ign of an underlying systemic disease. In PSI patients with peritoni-
is can be safely treated ileal and cecal resection and anastomosis
ith antrectomy and gastroentorostomy.
onﬂict of interest
There are no conﬂicts of interest.
unding
There are no sources of funding for our research.
thical approval
Consent was obtained from the patient for publication.
uthor contributions
Mehmet Aziret contributed in study concept, design, data collec-
ion and writing the paper. Hasan Erdem contributed in design and
nterpretation. Yig˘it Ülgen and S¸ ahin Kahramanca helped in data
ollection. Süleyman C¸ etinkünar contributed towards data analy-
is. Hilmi Bozkurt contributed in study concept. I˙lhan Bali helped
n interpretation. Oktay I˙rkörücü contributed towards writing the
aper and study concept.
eferences
1. Blumberg D, Wald A. Other diseases of the colon and rectum. In: Feldman M,
Friedman LS, Sleisenger MH,  editors. Sleisenger & Fordtran’s gastrointestinal and
liver  disease. 7th ed. China: Saunders; 2002. p. 2307–9.
2. Pizzala J, Pogorelsky V, González M,  Abecia-Soria V, De los Ríos A, Rivera J, et al.
Pneumatosis cystoides intestinalis: a case report and review of the literature.
Acta Gastroenterol Latinoam 2014;44(March (1)):48–51.
3. Arikanoglu Z, Aygen E, Camci C, Akbulut S, Basbug M,  Dogru O, et al. Pneu-
matosis cystoides intestinalis: A single center experience. World J Gastroenterol
2012;18:453–7.4. Yellapu RK, Rajekar H, Martin JD, Schiano TD. Pneumatosis intestinalis and
mesenteric venous gas – a manifestation of bacterascites in a patient with cir-
rhosis. J Postgrad Med  2011;57:42–3.
5. Pacheco Llerena R, Galindo Gómez J, Luna Valdez C. Neumatosis quística intesti-
nal a propósito de un caso. Rev Soc Bol Ped 2004;43:15–7.
2
pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.PEN  ACCESS
gery Case Reports 5 (2014) 909–913 913
6. Selmani R, Begovic G, Stardelova K, Rushiti K, Karpuzi A. Pneumatosis cys-
toides intestinalis related to gastric outlet obstruction: a case report. Prilozi
2011;32:323–30.
7. Greenstein AJ, Nguyen SQ, Berlin A, Corona J, Lee J, Wong E, et al. Pneumato-
sis  intestinalis in adults: management, surgical indications, and risk factors for
mortality. J Gastrointest Surg 2007;11:1268–74.
8. Voboril R. Pneumatosis cystoides intestinalis – a review. Acta Medica (Hradec
Kralove) 2001;44:89–92.
9. Lombana J, Valencia A. Neumatosis quística intestinal neumoperitoneo: manejo
conservador. Universitas Médica 2005;46:59–61.
0. Ivanovi A, Kova J, Maulovi D, Stefanovi A, Jak E, Saranov D. Education and
imaging. Gastrointestinal: the role of multidetector computer tomography
in  diagnosis of pneumatosis cystoides intestinalis. J Gastroenterol Hepatol
2012;27:182.
1. Jurado-Román M,  Calero-García P, Flores-Garnica LM,  del Pilar-Sagredo M,
Scortechini M,  Calderón-Gómez M,  et al. Pneumatosis cystoides intestinalis.
Uncommon cause of pneumoperitoneum. Rev Esp Enferm Dig 2014;106:
71–2.
2. DuBose JJ, Lissauer M,  Maung AA, Piper GL, O’Callaghan TA, Luo-Owen X.
Pneumatosis Intestinalis Predictive Evaluation Study (PIPES): a multicenter epi-
demiologic study of the Eastern Association for the Surgery of Trauma. J Trauma
Acute Care Surg 2013;75(July (1)):15–23.
3. Lee KS, Hwang S, Hurtado Rúa SM,  Janjigian YY, Gollub MJ. Distinguishing benign
and life-threatening pneumatosis intestinalis in patients with cancer by CT
imaging features. AJR Am J Roentgenol 2013 May;200(5):1042–7.
4. Tsujimoto T, Shioyama E, Moriya K, Kawaratani H, Shirai Y, Toyohara M,
et al. Pneumatosis cystoides intestinalis following alpha-glucosidase inhibitor
treatment: a case report and review of the literature. World J Gastroenterol
2008;14:6087–92.
5. Gui X, Zhou Y, Eidus L, Falck V, Gao ZH, Qin L. Is pneumatosis cystoides intestinalis
gas-distended and ruptured lymphatics? Reappraisal by immunohistochem-
istry. Arch Pathol Lab Med  2014;138(August (8)):1059–66.
6. Feuerstein JD, White N, Berzin TM. Pneumatosis intestinalis with a
focus on hyperbaric oxygen therapy. Mayo Clin Proc 2014;89(May (5)):
697–703.
7. Tanabe S, Shirakawa Y, Takehara Y, Maeda N, Katsube R, Ohara T, et al. Suc-
cessfully treated pneumatosis cystoides intestinalis with pneumoperitoneum
onset in a patient administered -glucosidase inhibitor. Acta Med  Okayama
2013;67(2):123–8.
8. Ellis BW.  Symptomatic treatment of primary pneumatosis coli with metronida-
zole. Br Med J 1980;280(6216):763–4.
9. Shimada M,  Ina K, Takahashi H, Horiuchi Y, Imada A, Nishio Y, et al.
Pneumatosis cystoides intestinalis treated with hyperbaric oxygen therapy: use-
fulness of an endoscopic ultrasonic catheter probe for diagnosis. Intern Med
2001;40(9):896–900.
0. Togawa S, Yamami N, Nakayama H, Shibayama M,  Mano Y. Evaluation of
HBO2 therapy in pneumatosis cystoides intestinalis. Undersea Hyperb Med
2004;31(4):387–93.
1. Joseph D, Feuerstein, Nicole White, Tyler M,  Berzin. Pneumatosis intestinalis
with a focus on hyperbaric oxygen therapy. Mayo Clin Proc 2014;89(5):697–703.
2. Wayne E, Ough M,  Wu A, Liao J, Andresen KJ, Kuehn D, et al. Management
algorithm for pneumatosis intestinalis and portal venous gas: treatment and
outcome of 88 consecutive cases. J Gastrointest Surg 2010;14(3):437–48.
3. Schieber JR, Sherman SC. Pneumatosis intestinalis and ulcerative colitis. J Emerg
Med 2013;44(February (2)):472–3.
4. Ohtake S, Namura K, Fujikawa A, Sawada T, Ohta J, Moriyama M, et al. A case
of pneumatosis cystoides intestinalis secondary to sunitinib treatment for renal
cell carcinoma. Hinyokika Kiyo 2014;60(February (2)):75–8.uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are
